1. Introduction
===============

The rate of total-joint arthroplasty (TJA) has increased considerably over the past decade with the aging population and improvements in medical technology. Total-knee arthroplasty (TKA) is a popular, well-known surgical procedure for the treatment of degenerative disorders and traumatic diseases.^\[[@R1]\]^ However, TKA surgeries are usually complicated by postoperative bleeding, which can lead to significant postoperative anemia and transfusion requirements.^\[[@R2]--[@R4]\]^ Allogenic blood transfusion is associated with adverse events, such as hemolytic reactions, immunologic reactions, disease transmission, transfusion-related acute renal failure, and cardiovascular dysfunction, resulting in financial burdens and potentially life-threatening effects on patients.^\[[@R5]--[@R7]\]^ To date, various strategies have been attempted to minimize blood loss, including drug intervention, autologous donation, and allogenic blood transfusion.^\[[@R8]\]^ In addition, several methods for bleeding control have been successfully employed in an effort to reduce postoperative blood loss and transfusion, including drain-clamping, tranexamic acid (TXA) administration, and tourniquets, among others.^\[[@R4],[@R6],[@R9]\]^

Recent studies have focused on TXA to reduce perioperative blood loss in patients following TKA.^\[[@R10]\]^ TXA is a synthetic derivative of the amino acid lysine that exerts its antifibrinolytic effect through the reversible blockade of lysine binding sites on plasminogen molecules.^\[[@R11]\]^ Previous studies have indicated that topical or intravenous TXA was effective and safe.^\[[@R12]--[@R14]\]^ Drain-clamping is one method proposed to reduce blood loss in the early postoperative period of TKA. The routine clamping of drains used in TKA has been advocated by some but remains a controversial topic even among surgeons who still use postoperative drains.^\[[@R9]--[@R15]\]^ Several methods have been reported to reduce blood loss and the need for blood transfusion after TKA; however, the best method remains unknown. We are interested in both drain-clamping^\[[@R16]--[@R18]\]^ and TXA administration^\[[@R19],[@R20]\]^ as simple methods of bleeding control. The combined effect of these 2 methods remains unknown. Recently, the combined application of both drain-clamping and TXA administration in TKA have become increasingly popular among orthopedic surgeons.

Although previous studies have compared the efficacy of the combined use of drain-clamping and TXA in knee arthroplasty, it is still unclear whether the combined use of drain-clamping and TXA is superior to the use of either strategy alone due to limitations in the number of studies and small sample sizes. Therefore, we conducted a meta-analysis of clinical randomized controlled trials (RCTs) of the combined use of drain-clamping and TXA to evaluate the efficacy and safety of the combination.

2. Methods
==========

According to the Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) criteria, we created a prospective protocol including objectives, literature-search strategies, inclusion and exclusion criteria, outcome measurements, and methods of statistical analysis before commencing the study. The study was approved by the ethics committee of Guangdong Provincial Hospital of Chinese Medicine. This review is registered in Research Registry: reviewregistry313 (<http://www.researchregistry.com/>).

2.1. Search strategy
--------------------

A comprehensive search was performed in the PubMed, EMBASE, Cochrane Library, Web of Sciences, the Google database, and the Ovid database up to April 2018. Only English-language articles were selected. The search terms included "tranexamic acid," "arthroplasty, replacement, knee," "total-knee arthroplasty," "total-knee replacement," "total-knee prosthes," "drainage," "drain," "clamping," and "delayed releasing." The related references in the identified studies were manually searched.

2.2. Inclusion criteria and study selection
-------------------------------------------

### 2.2.1. Participants

Only published articles with adult participants with a diagnosis of end-stage osteoarthritis undergoing TKA were included.

### 2.2.2. Interventions

The intervention group received intravenous or intra-articularly TXA plus drain-clamping for perioperative blood management, and no restriction on the dose of TXA or the duration of clamping was applied.

### 2.2.3. Comparisons

The control groups received only TXA or only drain-clamping.

### 2.2.4. Outcomes

The outcomes assessed were total blood loss, blood loss in drainage, hemoglobin decline, transfusion rate, postoperative complications, the Knee Society Score (KSS), and the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) score.

### 2.2.5. Study design

The RCTs were regarded as eligible in our study. Articles were excluded from the current meta-analysis, if they were duplicate articles, case reports, cohort studies, reviews, editorials, letters, conference abstracts, or animal experimental studies. Two reviewers independently scanned the titles and abstracts of the potential articles identified by the above searches. Subsequently, the full text of the studies that met the inclusion criteria were screened, and a final decision was made. Any disagreements were resolved by discussion or were arbitrated by the corresponding author (JL).

2.3. Data extraction
--------------------

Two reviewers (Han and Pan) independently extracted the key data from the included studies: first authors' names, date of publication, sample size, patients' age and gender, surgical procedures, dose of TXA, clamping time, and follow-up periods. The primary outcomes were transfusion rate, blood loss in drainage, total blood loss, and hemoglobin decline. The secondary outcomes were postoperative complications, the KSS, and the WOMAC score. In the event of missing data, we attempted to contact the corresponding authors for details.

2.4. Assessment of methodologic quality
---------------------------------------

Two independent reviewers (Han and Luo) evaluated the methodologic quality of the included studies using the risk of bias (ROB) tool provided by the Cochrane collaboration. The following 7 items were assessed in all included studies: random sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessments, incomplete outcome data, selective reporting, and other bias. Each item was assigned a judgment of "a high risk of bias (HRB)," "an unclear risk," or "a low risk of bias (LRB)" based on the data presented in the article.^\[[@R21]\]^ Namely, the judgment was "high risk," if the item was reported incorrectly. The judgment was "low risk" if the item possessed sufficient and correct information. If the item possessed insufficient or unmentioned information, the judgment was "an unclear risk." An "unclear risk" judgment was also assigned if the item was reported, but the ROB was unknown. Disagreements were addressed by obtaining a consensus between experienced reviewers (Han and Liu).

2.5. Data analysis and statistical methods
------------------------------------------

The statistical analysis was performed with RevMan 5.3.5 (The Cochrane Collaboration, Oxford, UK) software by 2 reviewers (Han and Zeng). The mean difference (MD) and odds ratio (OR), both of which are reported with 95% confidence intervals (CIs), were adopted to analyze continuous variables and dichotomous data, respectively. The *I*^*2*^ value was used to estimate statistical heterogeneity. When *I*^*2*^ \> 50%, heterogeneity was accepted, and the randomized-effects model was adopted. Otherwise, the fixed-effects model was adopted. A sensitivity analysis was performed to identify the source of the heterogeneity. For all analyses, *P* \< .05 was considered statistically significant.

3. Results
==========

3.1. Search results
-------------------

A total of 282 records were identified from the electronic databases (EMBASE = 68, PubMed = 75, Cochrane Library = 98, Web of Science = 9, Google database = 6, and Ovid database = 26). No gray literature was included. After a thorough screening of titles and abstracts, 126 records were excluded. The remaining 19 articles were assessed by full-text review. Ultimately, 5 clinical studies^\[[@R10],[@R22]--[@R25]\]^ met the inclusion criteria and were included in the meta-analysis (Fig. [1](#F1){ref-type="fig"}).

![Flow diagram of the identified, included, and excluded studies.](medi-97-e11573-g001){#F1}

3.2. Study characteristics
--------------------------

The characteristics of the included studies are presented in Table [1](#T1){ref-type="table"}. All of the studies performed TKA. The data set consisted of 479 participants. In these studies, the experimental groups received combined drain-clamping and TXA and the control groups received either TXA or drain-clamping alone. The gender ratios, average ages, types of surgery, follow-up times, and outcomes were also noted. In each study, the demographic characteristics of the 2 groups were similar.

###### 

Characteristics of the studies.
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3.3. Assessment of the ROB
--------------------------

We evaluated the methodologic quality of all studies using the Cochrane ROB criteria. The assessment of ROB is shown in Figures [2](#F2){ref-type="fig"} and [3](#F3){ref-type="fig"}. Randomly generated sequences were judged as an LRB in 4 studies.^\[[@R10],[@R23]--[@R25]\]^ However, 1 study^\[[@R22]\]^ mentioned that the clinical trial was randomized, but did not report further details. Blinding of the treating doctors, the subjects, and the outcome assessors was judged as an LRB in 4 studies,^\[[@R10],[@R22],[@R23],[@R25]\]^ 4 studies,^\[[@R10],[@R22],[@R23],[@R25]\]^ and 2 studies,^\[[@R22],[@R25]\]^ respectively. None of the studies had a high risk of incomplete outcome data due to a lack of details in some adverse events. In addition, we did not identify selective reporting or other obvious sources of bias in these studies.
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3.4. Outcomes of the meta-analysis
----------------------------------

### 3.4.1. Total blood loss

Total blood loss following the operation was reported in 4 studies^\[[@R10],[@R22],[@R24],[@R25]\]^ including 359 knees. Significant heterogeneity was found among these studies (χ^2^ = 16.07, df = 3, *I*^2^ = 81%, *P* = .001); therefore, a random-effects model was used. The pooled results demonstrated that compared with the control groups, the total blood loss was significantly reduced in the experimental groups (MD = −145.86, 95% CI: −228.64 to −63.08, *P* = .0006; Fig. [4](#F4){ref-type="fig"}).

![Forest plot comparing total blood loss between the 2 groups.](medi-97-e11573-g005){#F4}

### 3.4.2. Blood loss in drainage

Blood loss in drainage following the operation was reported in 3 studies^\[[@R22],[@R23],[@R25]\]^ including 258 knees. Significant heterogeneity was found among these studies (χ^2^ = 4.68, df = 2, *I*^2^ = 57%, *P* = .10); therefore, a random-effects model was used. The pooled results demonstrated that compared with the control groups, blood loss in drainage was significantly reduced in the experimental groups (MD = −169.06, 95% CI: −248.56 to −89.57, *P* \< .0001; Fig. [5](#F5){ref-type="fig"}).

![Forest plot comparing blood loss in drainage between the 2 groups.](medi-97-e11573-g006){#F5}

### 3.4.3. Hemoglobin decline

Hemoglobin decline was reported in 4 studies,^\[[@R22]--[@R25]\]^ including 358 knees. Significant heterogeneity was found among these studies (χ^2^ = 9.48, df = 3, *I*^2^ = 68%, *P* = .02); therefore, a random-effects model was used. The pooled results demonstrated that compared with the control groups, hemoglobin decline was significantly mitigated in the experimental groups (MD = −0.66, 95% CI: −1.00 to −0.33, *P* = .0001; Fig. [6](#F6){ref-type="fig"}).

![Forest plot comparing hemoglobin decline between the 2 groups.](medi-97-e11573-g007){#F6}

### 3.4.4. Transfusion rate

The transfusion rate following the operation was reported in 5 studies,^\[[@R10],[@R22]--[@R25]\]^ including 479 knees. No significant heterogeneity was found among these studies (χ^2^ = 3.85, df = 4, *I*^2^ = 0%, *P* = .43); therefore, a fixed-effects model was used. The pooled results demonstrated that compared with the control groups, the transfusion rate was significantly reduced in the experimental groups (MD = 0.44, 95% CI: 0.26--0.75, *P* = .002; Fig. [7](#F7){ref-type="fig"}).

![Forest plot comparing transfusion rate between the 2 groups.](medi-97-e11573-g008){#F7}

### 3.4.5. Complications

The outcomes of postoperative complications were reported in 5 studies.^\[[@R10],[@R22]--[@R25]\]^ A random-effects model was used because significant heterogeneity was found among these studies (χ^2^ = 7.45, df = 2, *I*^2^ = 73%, *P* = .02). The pooled results demonstrated that no significant difference in the complications was observed between the 2 groups (OR = 0.73, 95% CI: 0.22--2.42, *P* = .60; Fig. [8](#F8){ref-type="fig"}).

![Forest plot comparing complications between the 2 groups.](medi-97-e11573-g009){#F8}

### 3.4.6. Knee Society Score

The outcomes of the KSS following the operation were reported in 2 studies.^\[[@R22],[@R25]\]^ All pooled analyses were conducted with a fixed-effects model because no statistically significant heterogeneity was identified. The results showed that there were no significant differences in the KSS between the 2 groups at 3 months (MD = 0.28, 95% CI: −3.53 to 4.09, *P* = .89) or 6 months (MD = 0.27, 95% CI: −3.25 to 3.78, *P* = .88; Fig. [9](#F9){ref-type="fig"}) postoperation.

![Forest plot comparing the Knee Society Score between the 2 groups.](medi-97-e11573-g010){#F9}

### 3.4.7. WOMAC score

Two studies^\[[@R22],[@R25]\]^ reported the outcomes of the WOMAC score following the operation. All pooled analyses were conducted with a fixed-effects model because of no statistically significant heterogeneity. The results showed no significant differences in the WOMAC score between the 2 groups at 3 months (MD = −1.29, 95% CI: −4.06 to 1.48, *P* = .36) postoperatively. However, the experimental groups exhibited a better efficacy than the control groups at 6 months (MD = −2.27, 95% CI: −4.44 to −0.10, *P* = .04; Fig. [10](#F10){ref-type="fig"}) postoperatively.

![Forest plot comparing the Western Ontario and McMaster Universities Osteoarthritis Index score between the 2 groups.](medi-97-e11573-g011){#F10}

4. Discussion
=============

The TXA, a synthetic antifibrinolytic agent for preventing postoperative hemorrhage, has been shown by many studies to play an important role in the prognosis of patients with TJA.^\[[@R14],[@R26],[@R27]\]^ The initial fibrinolysis may be due to surgical trauma and further enhanced by the use of a tourniquet.^\[[@R28],[@R29]\]^ The presence of these causes may lead to increased postoperative bleeding, especially within a few hours after TKA.^\[[@R30]\]^ TXA blocks the interaction of the plasmin heavy chain by acting on the lysine binding site on the fibrinolytic zymogen molecule, thereby preventing plasmin from degrading fibrin and achieving hemostasis.^\[[@R31]\]^

However, previous studies reported that clamping the drainage is controversial in TKA. Additionally, the method of clamping varies, and the duration of drainage in different studies ranges from 1 to 24 hours postoperatively.^\[[@R9],[@R18],[@R32]\]^ Huang et al^\[[@R33]\]^ have reported that temporary drain-clamping can significantly reduce postoperative drainage at 24 and 48 hours.^\[[@R34]\]^ In addition, compared with patients without drain-clamping, patients with temporary drain-clamping for more than 4 hours had higher levels of hemoglobin at 24 hours postoperation and fewer blood transfusions.^\[[@R33]\]^ Shen et al^\[[@R32]\]^ also found significantly less average blood drainage in the clamped drainage group (514.85 mL) than in the nonclamped drainage group (843.4 mL), without serious wound problems.

Recently, several studies have compared the efficacy of drain-clamping combined with TXA administration for bleeding control following TKA. Chareancholvanich et al^\[[@R23]\]^ found that drain-clamping combined with TXA administration significantly reduced postoperative blood loss and blood transfusion after TKA compared to using TXA or drain-clamping alone. Theoretically, clamping the drainage system can result in temporary hemostasis by creating a tamponade effect in the joint, which effectively results in less blood loss and a lower transfusion rate.^\[[@R35]\]^ Sa-ngasoongsong et al^\[[@R22]\]^ also found that the combination of low-dose TXA and 2-hour drain-clamping was effective for reducing postoperative blood loss and transfusion requirements in conventional TKA.

As in the previous study,^\[[@R36],[@R37]\]^ our meta-analysis findings showed that compared to the single strategies, the combined application of both drain-clamping and TXA administration was associated with significant reductions in total blood loss, blood loss in drainage, hemoglobin decreases, and transfusion requirements. Zhang et al^\[[@R36]\]^ found that compared to TXA alone, drain-clamping alone, or control treatment, TXA plus drain-clamping achieved a maximal hemostasis effect in patients undergoing primary TKA. Furthermore, the results reported by Liao et al^\[[@R37]\]^ were similar. No increased risk of deep venous thrombosis was identified. However, no studies have focused on the effect of postoperative knee function recovery. Our study showed no significant differences in postoperative knee function between the 2 groups. Since only 2 studies reported KSSs and WOMAC scores, the limited number of included studies may result in insufficient validity of the results. Further verification of the results with more RCTs is required in the future.

Several potential limitations of this study should be noted. Our meta-analysis included only 5 RCTs with a total of 479 patients; thus, the power for all outcomes may be limited by the small sample size. The methods of random sequence generation, allocation concealment, and blinding were unclear or not described in some of the included studies, which may influence our results. Some important clinical outcomes, such as the knee range of motion, have not been fully reported, and thus are difficult to include in meta-analyses. Furthermore, the lack of a long-term follow-up period may lead to the underestimation of complications. All meta-analyses may have inherent weaknesses in publication bias.

Despite the above limitations in our study, this is the first meta-analysis of RCTs comparing whether the combined application of both drain-clamping, and TXA is superior to the use of either alone in patients with TKA. Future research should also focus on the best timing for clamping and the optimal dose of TXA.

5. Conclusion
=============

Combined application of both drain-clamping and TXA was associated with significant reductions in blood loss assessed by drainage, total blood loss, hemoglobin decreases, and the need for transfusion. However, high-quality, well-designed RCTs with long-term follow-up are still required.
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